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Abstract

o

Quantum computing is an intense and challenging research area, that promises to change the world we live in. But what is its

current status, both in terms of understanding and applications? We discuss some points related to this question in this article.
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Mini Review

Quantum Theory (QT) provides a very special case
of scientific development in the history of science. Since
its inception, in the second decade of the last century, it
has been applied in the understanding and prediction of
several natural phenomena. Its predictions and theoretical
framework have passed all the tests ever performed, which
makes it possible to say that it is the most successful scientific
theory in human history.

Its development enabled the emergence of numerous
technologies, and without it, what we know today as the
information age would not exist. Its impact on society is
immeasurable and without its advent, humanity would live
in a completely different world.

However, since its inception, QT has been the object of
intense debate and philosophical controversies about its
foundations and interpretations [1]. The most fundamental
physical meaning of quantum phenomena and how they
build the reality we observe are objects of struggle until the
present day. This context becomes clear when one realizes
the importance and intense activity in the area of research
in Physics known as “Foundations of Quantum Theory” [2].
Advances in this area generate theoretical and practical
impacts, both in our understanding of the world and in the

The (Present) Age of Quantum Computing

way we develop new technologies [3].

In 1981, the renowned physicist Richard Feynman (1965
Nobel Prize in Physics) proposed the use of (intrinsically)
quantum phenomena to build a new type of computer, with
a capacity superior to existing computers (at that time and
still today) [4]. Thus, the idea of a quantum computer arises
from there: a new computational model, based on principles
of QT, which in principle would be able to solve intractable
problems for “classical” computers.

Classical computing is based on bits (binary digits),
its smallest unit of information, which can assume one of
two possible values (states) at a time, commonly denoted
by 0 and 1. In quantum computing (QC), the smallest unit
of information is the “quantum bit” (or qubit), which can
assume both classical values at the same time, due to the
quantum phenomenon of superposition. Due to this fact,
a quantum computer could store and transmit much more
information than a classical computer. For example: for a
number N of classical bits in one of the two possible states,
we would have 2N possible quantum states [5,6]. In other
words, N qubits could store the information of 2N classical
bits. Another characteristic of qubits is that they can be in an
entangled state [7]. Given two or more qubits, the total state
of the system as a whole can be constituted in such a way that
the individual identity of each qubit is lost, and information
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can only be obtained about the complete system. These
entangled states are purely quantum, and have no classical
description. They can be used for transmission of typically
quantum information, and are the basis of the protocol
known as “quantum teleportation” [8].

The physical realization of quantum computers, in turn,
constitutes a major technological challenge. Only a few years
ago this was realized, but only in a few technology centers
and universities. That is, there is still no concrete prospect
that quantum computers with good storage and processing
capacity will be widely disseminated and commercially
viable. Several aspects need to be better understood and
controlled for this, from the theoretical, hardware and
software (programming) points of view.

Regarding the first aspect, a better understanding of the
foundations of QT is essential. Several phenomena are still
predicted and discovered at daily basis and some of these
with direct possibility of application in the implementation
of quantum computers.

In the development of physical machines, that is,
hardware, great obstacles must be overcome. Quantum
systems, when interacting with the environment in which
they are immersed, lose their quantum characteristics. This
fact is related to what we call the measurement problem
and the phenomenon of decoherence [9]. By losing these
features, the advantages of storage and speed of transmission
of information characteristic of quantum computers are
also lost. In this way, the control of the environment and
its interaction with quantum systems is essential and, on
the other hand, very difficult to be established. Vacuum
chambers, very low temperatures and insulation are some of
the needs, which also highlights the reason why there is still
no prospect of commercializing these computers [10,11].

Software developmentis an active area of research, which
presents itself as an intersection between Physics, Computer
Science and Mathematics [12]. New algorithms, based on the
logic of QT, are needed to explore the full capacity of quantum
systems and some of these are already part of the literature
on the subject [5,6,12]. Also, some frameworks and software
development Kkits have already been developed and made
available for public use [13].

All this new reality will certainly change the way and
the emphasis with which QT and QC are taught [14,15].
The world’s first portable quantum computer [16], which is
capable of processing two qubits and is based on the use of
nuclear magnetic resonance, has been used to education in
QC and some simple scientific research.

Faced with these challenges, the perspectives, in turn,
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are encouraging. Some possibilities of applications of QC
in the study and understanding of the human brain have
already been considered [17,18], as well as its use in some
areas of medicine [19,20]. Finance [21], ecology [22],
electronic security [23] and military applications [24] are
some other areas where QC is already being integrated, in
connection with artificial intelligence, machine learning and
data science [25].

A study of 2018 shows that, among emerging
technologies, there is a “hype” related to QC, considered as an
innovation, and that this technology should be established
until 5 to 10 years, that is, between 2023 and 2028 [26].
Besides that, there is a prediction that 20% of technology
companies should have sectors dedicated to QC from 2023
[21]. Daily news about QT applications in technology can be
followed at Inside Quantum Technology News [27].

Concluding Remarks

It can be seen that the current state of QC and its
consequences for a deeper understanding of nature, as
well as futures applications, is one of intense research and
development [28]. Several initiatives in favor of quantum
computing and quantum technology are already being
carried out around the world, both by governments and the
private sector, and the prospect of funding is ever increasing
[29].

It is reasonable to believe that this situation will be
intensified in the coming years. Therefore, new forms of
teaching and insertion of QC in schools and basic research
institutions also become increasingly important areas of
research and academic collaboration.

Given its fundamental role in deepening our
comprehension of the world, its possible interface with
other areas of knowledge and its potential to generate new
technologies, it becomes difficult not to imagine a very near
future in which QC and its ramifications will be present in
our everyday life.

Acknowledgments

The author would like to thank Samuel Fernando Faria
da Silva for pointing out some very useful references.

References

1. Jammer M (1974) The Philosophy of Quantum
Merchanics: The Interpretations of QM in historical
perspective. John Wiley & Sons, USA.

2. Norsen T (2017) Foundations of Quantum Mechanics:

Copyright© Senise Jr CR.


https://medwinpublishers.com/PSBJ
https://link.springer.com/book/10.1007/978-3-319-65867-4

10.

11.

12.

13.

14.

Senise Jr CR. The (Present) Age of Quantum Computing. Phys Sci & Biophys ] 2023, 7(1): 000229.

An Exploration of the Physical Meaning of Quantum
Theory. Springer, Switzerland.

Briggs GAD, Butterfield JN, Zeilinger A (2013) The Oxford
Questions on the foundations of quantum physics. Proc
R Soc A 469: 1-8.

Feynman RP (1982) Simulating physics with computers.
Int] Theor Phys 21: 467-488.

Nielsen MA, Chuang IL (2010) Quantum Computation
and Quantum Information. 10% (Edn.), Cambridge
University Press, New York, USA.

Nakahara M, Ohmi T (2008) Quantum Computing: From
Linear Algebra to Physical Realizations. 15*(Edn.), Taylor
& Francis Group, Boca Raton.

Horodecki R, Horodecki P, Horodecki M, Horodecki K
(2009) Quantum entanglement. Rev Mod Phys 81(2):
865.

Bennett CH, Brassard G, Crépeau C, Jozsa R, Peres A, et al.
(1993) Teleporting an unknown quantum state via dual
classical and Einstein-Podolsky-Rosen channels. Phys
Rev Lett 70(13): 1895-1899.

Hornberger K (2009) Introduction to Decoherence
Theory. In: Buchleitner A, et al. (Eds.), Entanglement and
Decoherence. Vol 768, Lecture Notes in Physics, Springer,
Berlin, Heidelberg.

Everitt HO (2005) Experimental Aspects of Quantum
Computing. Springer, New York.

Hearing the Quantum (2020) Top 10 quantum computing
experiments of 2019.

Yanofsky NS, Mannucci MA (2008) Quantum Computing
for Computer Scientists. Cambridge University Press,
New York, USA.

Google’s Cirq; IBM’s Qiskit; Microsoft’'s Azure; Rigetti’s
Forest.

QURECA (Quantum Resources & Careers) (2022) A
Review of Global Quantum Education Initiatives.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Physical Science & Biophysics Journal

Kushimo T, Thacker B (2022) Investigating students’
strengths and difficulties in quantum computing. Physics
Education, aArxiv.

SPINQ-Gemini.

Koch C, Hepp K (2006) Quantum mechanics in the brain.
Nature 440: 611.

Kerskens CM, Pérez DL (2022) Experimental indications
of non-classical brain functions. ] Phys Commun 6:
105001.

Abbott A (2021) Quantum computers to explore
precision oncology. Nat Biotechnol 39: 1324-1325.

Biopharmadealmakers (2023) IBM Research uses
advanced computing to accelerate therapeutic and
biomarker discovery. Springer Nature Limited, IBM
Research.

Report IQT-QCFSI-0122 (2022) Quantum Computing
Applications in the Financial Services Industry: End-
User Cases and Market Forecasts. Inside Quantum
Technology, USA.

Singer A (2023) Quantum’s Promise. Global Finance
Magazine.

Castelvecchi, D (2022) The race to save the Internet from
quantum hackers. Nature 602: 198-201.

Krelina M (2021) Quantum technology for military
applications. EP] Quantum Technol 8: 24.

Gartner (2019) The CIO’s Guide to Quantum Computing.

Gartner (2018) Gartner Identifies Five Emerging
Technology Trends That Will Blur the Lines Between
Human and Machine.

Inside Quantum Technology News.

Swayne M (2022) Top 18 Institutions Leading Quantum
Computing Research in 2022. The Quantum Insider.

European Comission (2022) Quantum Technologies
Flagship.

Copyright© Senise Jr CR.


https://medwinpublishers.com/PSBJ
https://link.springer.com/book/10.1007/978-3-319-65867-4
https://link.springer.com/book/10.1007/978-3-319-65867-4
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.2013.0299
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.2013.0299
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.2013.0299
https://link.springer.com/article/10.1007/BF02650179
https://link.springer.com/article/10.1007/BF02650179
https://www.routledge.com/Quantum-Computing-From-Linear-Algebra-to-Physical-Realizations/Nakahara-Ohmi/p/book/9780750309837
https://www.routledge.com/Quantum-Computing-From-Linear-Algebra-to-Physical-Realizations/Nakahara-Ohmi/p/book/9780750309837
https://www.routledge.com/Quantum-Computing-From-Linear-Algebra-to-Physical-Realizations/Nakahara-Ohmi/p/book/9780750309837
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.865
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.865
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.865
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.70.1895
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.70.1895
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.70.1895
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.70.1895
https://link.springer.com/chapter/10.1007/978-3-540-88169-8_5
https://link.springer.com/chapter/10.1007/978-3-540-88169-8_5
https://link.springer.com/chapter/10.1007/978-3-540-88169-8_5
https://link.springer.com/chapter/10.1007/978-3-540-88169-8_5
https://link.springer.com/book/10.1007/0-387-27732-3
https://link.springer.com/book/10.1007/0-387-27732-3
https://www.cambridge.org/core/books/quantum-computing-for-computer-scientists/8AEA723BEE5CC9F5C03FDD4BA850C711
https://www.cambridge.org/core/books/quantum-computing-for-computer-scientists/8AEA723BEE5CC9F5C03FDD4BA850C711
https://www.cambridge.org/core/books/quantum-computing-for-computer-scientists/8AEA723BEE5CC9F5C03FDD4BA850C711
https://quantumai.google/cirq
https://qiskit.org/
https://azure.microsoft.com/pt-br/products/quantum/
https://qcs.rigetti.com/sdk-downloads
https://qcs.rigetti.com/sdk-downloads
https://qureca.com/a-review-of-quantum-education-initiatives-worldwide
https://qureca.com/a-review-of-quantum-education-initiatives-worldwide
https://www.spinquanta.com/products-solutions/gemini
https://www.nature.com/articles/440611a
https://www.nature.com/articles/440611a
https://iopscience.iop.org/article/10.1088/2399-6528/ac94be
https://iopscience.iop.org/article/10.1088/2399-6528/ac94be
https://iopscience.iop.org/article/10.1088/2399-6528/ac94be
https://www.nature.com/articles/s41587-021-01116-x
https://www.nature.com/articles/s41587-021-01116-x
https://media.nature.com/original/magazine-assets/d43747-022-00128-z/d43747-022-00128-z.pdf
https://media.nature.com/original/magazine-assets/d43747-022-00128-z/d43747-022-00128-z.pdf
https://media.nature.com/original/magazine-assets/d43747-022-00128-z/d43747-022-00128-z.pdf
https://media.nature.com/original/magazine-assets/d43747-022-00128-z/d43747-022-00128-z.pdf
https://www.insidequantumtechnology.com/product/quantum-computing-applications-in-the-financial-services-industry-end-user-cases-and-market-forecasts/
https://www.insidequantumtechnology.com/product/quantum-computing-applications-in-the-financial-services-industry-end-user-cases-and-market-forecasts/
https://www.insidequantumtechnology.com/product/quantum-computing-applications-in-the-financial-services-industry-end-user-cases-and-market-forecasts/
https://www.insidequantumtechnology.com/product/quantum-computing-applications-in-the-financial-services-industry-end-user-cases-and-market-forecasts/
https://www.gfmag.com/magazine/january-2023/quantum-computing-promise
https://www.gfmag.com/magazine/january-2023/quantum-computing-promise
https://www.nature.com/articles/d41586-022-00339-5
https://www.nature.com/articles/d41586-022-00339-5
https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-021-00113-y
https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-021-00113-y
https://www.gartner.com/smarterwithgartner/the-cios-guide-to-quantum-computing
https://www.gartner.com/en/newsroom/press-releases/2018-08-20-gartner-identifies-five-emerging-technology-trends-that-will-blur-the-lines-between-human-and-machine
https://www.gartner.com/en/newsroom/press-releases/2018-08-20-gartner-identifies-five-emerging-technology-trends-that-will-blur-the-lines-between-human-and-machine
https://www.gartner.com/en/newsroom/press-releases/2018-08-20-gartner-identifies-five-emerging-technology-trends-that-will-blur-the-lines-between-human-and-machine
https://www.insidequantumtechnology.com/product/quantum-computing-applications-in-the-financial-services-industry-end-user-cases-and-market-forecasts/
https://thequantuminsider.com/2022/05/16/quantum-research/
https://thequantuminsider.com/2022/05/16/quantum-research/
https://digital-strategy.ec.europa.eu/en/policies/quantum-technologies-flagship
https://digital-strategy.ec.europa.eu/en/policies/quantum-technologies-flagship
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract
	Mini Review
	Concluding Remarks
	Acknowledgments
	References

